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Abstract 
The purpose of this study was on one hand to identify the configuration options in word processing that improve the reading 
ability and comprehension, and on the other hand to study the psychological impact of anxiety, a secondary consequence of 
dyslexia, in the process of reading and comprehension in two text formats, printed and electronic. Twenty dyslexic pupils took 
part in the study. The pupils were able to select colour combinations of their choice at the electronic text. Afterwards, they were 
evaluated by the use of three questionnaires on the effect of anxiety, the Trait Anxiety, the State Anxiety and the Test Anxiety 
before each text, so as to measure the effect of anxiety on reading. The results indicated an improvement of reading 
comprehension in electronic over printed text, related to a preference of pupils in low luminance screen background. State 
Anxiety was decreased after using the electronic text, while Test Anxiety was almost the same on both testing forms. 
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1. Introduction 
British Dyslexia Association [1] defines dyslexia as a difficulty that, among others, affects the ability to read, 
write, perceive as well as the function of short-term memory and the consequences that arise in both learning skills 
and personality; the aetiology of dyslexia is not considered in that definition. Gottman and Declaire [2] mention 
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the emotional impact of specific learning difficulties, while Carroll [3] notes that dyslexia causes anxiety 
symptoms. 
Taking into account the study of Sutherland and Smith [4] which highlights the benefits of electronic word 
processor and aims at the improvement of reading ability and comprehension for pupils with dyslexia by the 
integration of technologies in the educational system, the need for developing special digital applications arises. 
Moreover, as emphasized by Pedler [5] and Iseman [6] the computer screen has positive effects on reading skills 
for children with dyslexia. The colours, the images, the sound and the overall information that meet the 
multisensory pupil’s interest, keep them concentrated. Even in cases of deficit hyperactivity disorder, children 
remain concentrated for longer than expected. The computer’s word processor enables pupils to write a clean and 
clearly legible text. The keyboard enables children with dyslexia to see the letters on the keys, so that it will not be 
difficult to recall them from memory. Therefore, the pupils “collect” the characters needed for a word and at the 
same time imprint them in their memory due to the constant exposure to the alphabet printed on the keyboard [7]. 
Evett and Brown [8] and Rello and Baeza-Yates [9] record in detail the instructions of the British Dyslexia 
Association for clear texts on a computer screen, in order to improve the reading skills for individuals with 
dyslexia. They also provide clear configuration instructions for a word processor or a webpage. The instructions 
refer to the background and the text styles, the appearance of the text and the way of writing, in order for the 
individual with dyslexia to adapt and improve their reading skills. According to these instructions, a “clean” text 
available for reading by people with dyslexia should comply with the guidelines presented in table 1. 
The aim of the present study was to identify the configuration options of word processing that improve the 
reading ability and comprehension, as well as to explore the psychological impact of anxiety, in the process of 
reading and comprehension in two text formats, printed and electronic. 
Table 1. Text characteristics for reading by people with dyslexia. 
Characteristic Guideline 
Font Size Minimum 12΄, ideally 14 
Contrast Limited contrast, dark blue on a pale blue or black on a yellow background 
Colour Not green, pink and red 
Font Styles Not intricate. Ideally Arial and Comic 
Type of Letters No caps, italic or underlined 
Line Spacing Double-spaced 
Text width  Large width text 
Alignment Left alignment 
Line length 60-70 characters in each line 
Paragraphs Distance between paragraphs 
Text orientation Landscape orientation 
Type of paper Matte printing paper 
Writing text Small and comprehensive sentences 
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2. Method 
2.1. Sample 
The sample consisted of 20 pupils of ages 9-12, fourth to sixth graders from primary schools on the island of 
Cephalonia, Greece, who were diagnosed with dyslexia from the official state service. There were 14 boys and six 
girls; a gender ratio that is consistent to the epidemiological evidence of Shaywitz et al. [10] and the British 
Dyslexia Association [1]. All pupils were tested on both electronic and printed text. 
2.2. Description of the research tools 
For the purpose of the study two questionnaires were used: a) the State-Trait Anxiety Inventory for Children 
and b) the Test Anxiety Inventory both developed by C. D. Spielberger [11]. The Cronbach’s Alpha index for the 
State Anxiety was 0.82 for boys and 0.87 for girls. The Cronbach’s Alpha index for the Trait Anxiety was 0.78 for 
boys and 0.81 for girls. The Cronbach’s Alpha index for the Test Anxiety Inventory for the entire sample was 
(0.91), 0.89 for boys and 0.91 for girls. 
2.3. Text specifications 
The two texts given to pupils fulfilled the format specifications outlined in table 1. The content, vocabulary and 
syntax were adapted to the cognitive level of the pupils, from four to six grades, after thorough examination of the 
corresponding reading and grammar books. Both printed and electronic texts were unknown and different to each 
other, in order to avoid any recall of any information. 
According to Davis [12], children with dyslexia prolong their attention to something when it is interesting and 
attracts their attention. For this reason, the content of both texts given to the pupils did not follow the school 
curriculum. Instead, the printed text described the purpose of the study together with guidelines for the use of the 
software used in this study. The electronic text provided some general information about dyslexia. The pupils’ 
behaviour was unknown to the examiner, so any increase of interest could not be evaluated. In a pilot study, two 
pupils were examined in both text formats. They found the content of both texts equally interesting. Moreover, an 
improvement of reading comprehension in electronic text over printed text was noticed. 
The electronic text was displayed in Microsoft’s Word on full screen (Figure 1), in a way that any extended 
capabilities, like menus and toolbars were hidden in order to avoid the distraction of pupils. The format of the text 
concerning size, layout, spacing and orientation was predefined and the pupils could only select the background 
colour and the font colour. The available colours for the background were green (R: 0, G: 128, B: 0), blue (R: 0, G: 
128, B: 128), grey (R: 224, G: 224, B: 224) and yellow (R: 255, G: 255, B: 128). The available colours for the font 
were brown (R: 64, G: 64, B: 0), blue (R: 0, G: 128, B: 128) and black (R: 0, G: 0, B: 0). Additionally, the pupils 
were free to decide to use or not a spelling application to help them. The spelling application highlighted each 
syllable consecutively, including the punctuation marks such as commas and full stops. The pupils could increase 
or decrease the spelling pace using two keys and move the highlighted syllable forward or backward (Figure 1). 
All the above options were grouped in a toolbox (a small form with buttons) at the bottom of the screen (Figure 1). 
Before the assessment, the pupils had the time to familiarize with the functions, make all the possible combinations 
and finally choose the one that helps them and gives a more tolerable feel to their eyes. 
After reading each one of the texts, three questions were given to the pupils concerning the comprehension for 
each text. The way of grading the responses was the same; for every wrong answer they got zero (0) points, for 
every half correct answer one (1) and two (2) points for every correct answer. For example, a part of the electronic 
text was about some symptoms of dyslexia: “Bright white paper may cause headaches and eye fatigue during 
reading”. One of the questions was: “What bright white paper may cause to a pupil with dyslexia?”. If the answer 
included both symptoms (headaches and eye fatigue), then it got two points. If only one symptom was mentioned, 
then it got one point. If the answer was irrelevant to the question, or the question was not answered at all, then it 
got zero points. The sum of the grated answers provided two total scores (zero to six) for each pupil, one for the 
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printed text and one for the electronic text. The difference between the total scores reflected the degree of pupils’ 
improvement. 
 
Fig. 1. A screen caption of the electronic text. 
2.4. Procedure 
The study was conducted in agreement with the parents of the pupils. Before the process, both parents and 
pupils were informed about the purpose of the research and the tools that would be used. Moreover, it became clear 
to the pupils that the procedure is anonymous and it does not include any kind of examination. 
At the beginning of the procedure the pupils were given a small stapled packet of sheets that included all the 
anxiety questionnaires, the printed text and the questions for comprehension evaluation. The duration of the 
experiment was 40 minutes for each pupil, about 20 minutes for the printed text test and another 20 minutes for the 
corresponding electronic text test. The room was simply decorated, very quiet and isolated (with closed windows 
and curtains). On the desk there was only a computer, in order not to distract pupils’ attention. The pupils were 
accompanied by their parents (mostly mothers) that in most cases they were present in the area of the experiment, 
without, however, having eye contact. 
At the beginning of the procedure, the pupils completed three anxiety tests. They did the Trait Anxiety test in 
about five minutes, the Test Anxiety Inventory in other five minutes, and the State Anxiety test for four minutes. 
Then, the pupils were informed that they would have to read a short printed text and they did it in two to three 
minutes. After reading the printed text, the pupils answered the predefined questions within two to three minutes, 
completing the printed text test. The electronic text test began by giving time to the pupils to familiarize with the 
word processor. They were informed that they could make color combinations and they were asked to choose the 
combination they prefer. Then, they were asked to read the electronic text for two to three minutes. Afterwards, 
they answered the predefined questions within two to three minutes. Finally, the pupils were given the State 
Anxiety test and the Test Anxiety Inventory, for approximately 10 minutes, thus completing the electronic text test. 
At the end, the pupils were shortly interviewed to gather their impressions about the procedure; their preferences 
between the printed text and the electronic text, as well as the usefulness of the spelling application. 
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3. Results 
After analyzing the data, the following color combination preferences rates were found: six pupils chose the 
yellow background with the blue font and five the yellow background with the black font. Remarkable rate 
occupies the combination of grey background with the blue and black font, chosen by six pupils (Figure 2). 
Fig. 2. Selections of colour combinations. 
The comparative performance distribution, based on comprehension questions, indicates that the pupils’ 
performance was better in the case of the electronic text, with average improvement of 2.50 points (Figure 3). 
Fig. 3. Performance distribution. 
Table 2 presents the Trait Anxiety score for each pupil, the State and Test anxiety scores, as well as the reading 
comprehension scores, all for both printed and electronic text. 
The anxiety tests indicated a high Trait Anxiety on a large sample of pupils. Pointing out that the average rate of 
the test is about 37.5, the largest sample of the study shows increased Trait Anxiety. Specifically, only one pupil 
gave a slightly above average score (39), two pupils gave a score from 40 to 44, ten from 45 to 49, five pupils 
between 50 and 54 and two have showed very high anxiety, 55-60 points. 
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From the comparative results of State Anxiety before the reading of each text, a decrease of anxiety is observed 
in the case of the electronic text. 
Table 2. Scores for anxiety tests and comprehension. 
N Trait Anxiety score 
Printed text Electronic text 
State Anxiety 
score 
Test 
Anxiety 
score 
Comprehension 
score 
State 
Anxiety 
score 
Test 
Anxiety 
score 
Comprehension 
score 
1 45 26 39 6 29 44 5 
2 48 26 59 3 27 54 3 
3 47 32 44 1 30 37 2 
4 57 33 74 2 21 74 3 
5 51 28 59 0 27 56 4 
6 43 25 54 0 27 54 3 
7 47 29 50 2 37 57 2 
8 40 34 33 2 30 38 3 
9 51 38 50 1 28 56 4 
10 51 40 54 4 32 54 3 
11 48 33 57 0 30 53 2 
12 52 33 36 0 30 38 3 
13 39 27 32 0 25 26 3 
14 49 29 61 2 35 60 3 
15 49 21 46 1 20 41 5 
16 45 36 46 1 20 38 4 
17 45 32 45 2 26 43 5 
18 50 34 51 2 24 51 5 
19 46 34 51 4 26 51 6 
20 55 35 59 0 23 55 1 
Average 47.90 31.25 50.00 1.65 27.35 49.00 3.45 
 
The rates of State Anxiety show an average decrease of three points for the electronic text. All pupils’ anxiety is 
below the average of the State Anxiety average (43). More specifically, two pupils show State Anxiety between 35 
and 39, five between 30 and 34, eight pupils between 25 and 29, and five between 20 and 24 points. 
The comparative distribution of Test Anxiety indicates a high concentration of extreme values well above the 
average of 44.8 in both text tests. In both cases, six pupils were between 50 and 54, four between 55 and 59, one 
between 60 and 64 and one between 70 and 74. Six pupils were slightly below the average and two showed very 
low rates of anxiety. 
Examining the eight pupils with the lowest state anxiety, performance and choices, great improvement was 
observed for the electronic text. Four among these eight pupils had chosen a yellow background with blue font and 
only one chose the yellow background with the black font. In the case of the eight pupils, the score at the electronic 
text improved at average of three points over printed text. Respectively, by examining seven pupils with the 
highest State Anxiety, even a slight improvement at average 1.75 was observed when moving from printed to the 
electronic text. It is noteworthy that the pupils who showed even a slight improvement, had chosen a yellow 
background with the blue font (three pupils) and a yellow background with the black font (two pupils). 
The statistical analysis has shown that the Trait Anxiety of the sample is positively associated with high 
statistical significance with the test anxiety (r= 0,694, p= 0,001 for printed text and r= 0,679, p= 0,001 for 
electronic text). 
4. Discussion 
This study investigated text optimization for reading skills improvement as well as the impact of anxiety on 
pupils with dyslexia, and attempted to answer two main research questions: 
1. would the feature to set color combinations in a word processor improve the reading and understanding of the 
electronic versus the printed text for children with dyslexia? 
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2. would the anxiety of the same children be reduced during reading and comprehension of an electronic text, 
compared to the anxiety that occurs during the traditional reading of printed text? 
The answers given from the present study, although cannot be generalized, were positive in both cases. 
Our results are in line with those of Evett and Brown [8] and Gregor [13] showing that the majority of the pupils 
converge to combinations of low brightness background with specific colour of font, which ensures low contrast 
and facilitates reading and understanding of the text by pupils with dyslexia. 
Approximately 80% of the pupils have an average improvement of 1.82 points in comprehension when using 
the electronic text. This is consistent with the conclusions of Rello and colleagues [14] reporting that a clear text 
and an attractive environment, specially adapted to the needs of the pupils, improves understanding. 
Concerning the second hypothesis, emphasis was given on the psychological impact of the reading process by 
children with dyslexia. High rates of Trait Anxiety were observed, well above average in almost the whole sample. 
However, State Anxiety that was moderate before reading the printed text was further reduced after reading the 
electronic text, thus confirming the second hypothesis. It seems that pupils showed a low State Anxiety due to the 
attractiveness of the electronic text test (the option to choose the colours they like, the excitement due to the use of 
technology). Additionally, while State Anxiety decreases from one text to the other, the Test Anxiety remains 
almost unchanged. As shown by the statistical analysis, it is associated with personality anxiety. This finding tends 
to confirm the fear that despite their young age, the pupils seem to have already consolidated an anxiety reaction 
towards any possible form of examination. 
It is interesting to note the correlation of both low and high State Anxiety with the performance in reading 
comprehension and the choice of background colours and font. For this reason part of the sample was examined; 
only the pupils who scored extreme values (highest or lowest) on State Anxiety and performance were tested. The 
pupils who scored the lowest State Anxiety had higher performance in understanding the electronic text and they 
improved significantly opposed to the printed text (it is noteworthy that all of them had chosen a yellow 
background and a blue font). Therefore, it seems that a lower State Anxiety contributes to enhancing understanding 
because of a calmer and more relaxed attitude towards the reading of the electronic text. The results are relevant to 
those of Rana and Mahmood [15] who report a negative relationship between Test Anxiety scores and pupils’ 
achievement scores. On the other hand, it now appears that pupils with the highest State Anxiety scored the lowest 
performance, which however, was improved compared to their performance on the printed text. They had chosen a 
yellow background but various font colours. It seems that high State Anxiety affects performance; however, the 
yellow background seems to help improving the understanding. The various selections of font colour are possibly 
due to State Anxiety or other unknown factors. In conclusion, State Anxiety appears to affect inversely 
proportional the performance in reading and understanding of both printed and electronic text. Both in high and 
low state anxiety, the selected color combinations and the corresponding performance seem to follow the preceded 
bibliography [1, 8]. The last position is also confirmed in our study, making rather clear that colour combinations 
with low contrast will generally ensure better reading performance, by not causing any fatigue to the eyes and 
providing comfort for more relaxed, focused and effective reading and understanding. 
Moreover, our results are consistent with the findings of Dickinson, Gregor and Newell [16] who note the 
auxiliary effect of text’s width on reading. The larger the text’s width is, the easier the reading, because the readers 
do not lose their track in the text. Additionally, the findings seem to indirectly converge with those of Evett and 
Brown [8] who state that pupils that have an active role in the layout of the text feel confident. Magnan and 
colleagues [17] have pointed out that children with dyslexia showed improvement in reading after using special 
software, a fact directly linked with the feeling of satisfaction, success and boost of their self-confidence. It is 
worth mentioning that the electronic text that was given to the pupils offered them the opportunity to use the 
spelling application. As shown by the results, only eight out of twenty pupils had chosen to use it. These pupils in 
the brief interview at the end of the process said that it helped them only in spelling polysyllabic words, but 
generally caused them to lose their reading flow and thus negatively affected their comprehension. 
Despite the fact that efforts were made to avoid methodological errors, it is necessary to point out the limitations 
and the problems observed during the design and conduction of our research. In particular, the limitations were the 
relatively small sample, the use of the non-translated and normalized (in Greek) State-Trait Anxiety Inventory for 
children, while limitations caused by uncertain or external factors were the presence of the pupils’ parents (mainly 
137 Anastassia Plakopiti and Ioanna Bellou /  Procedia Computer Science  27 ( 2014 )  130 – 137 
their anxious mothers) identified as negative factor by Karande and colleagues [18], and finally the fact that the 
research took place in an unfamiliar to the children space. 
It is interesting to investigate whether the use of electronic text on a longer period of time could have further 
positive results. Possibly, it would be worthwhile to study the effect of reading the school curriculum, through the 
computer screen in accordance with the above electronic text specifications, for a long period of time. 
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